Using DDRT-PCR, we compared the mRNA content of untreated and TNF-treated mouse embryonic fibroblasts (MEFs). Among differentially represented fragments, we identified and cloned a novel TNF-stimulated gene named Tsg-5. This gene, mapped to mouse chromosome 14, has three exons that can be alternatively spliced giving rise to two mRNA species, one spanning three exons and another that skips the second exon. Analysis of full-length Tsg-5 cDNA revealed a potential start codon within exon 2 encoding an ORF of 40 amino-acids. No homology with known mouse or human sequences, neither at the nucleotide nor at the amino-acid level could be found in public databases. In MEFs, Tsg-5 is induced by tumor necrossis factora (TNF) and IL-1b, albeit with distinct kinetics. TNF-induced Tsg-5 expression is NF-kB-dependent as it was inhibited by MG132, lactacystin, Bay 11-7083, and Bay 11-7085. Analysis of Tsg-5 expression in vivo revealed that the gene and its encoded polypeptide are constitutively expressed in the thymus and ovary, whereas, in LPS-treated mice, Tsg-5 mRNA can be detected in the spleen, lung, and brain. Our data suggest that Tsg-5 encodes a new, rare transcript, with a very tight regulation of expression and differential splicing.
Introduction
Tumor necrosis factor a(TNF) is a pleiotropic, proinflammatory cytokine that plays an important role in host defenses and in the pathophysiology of chronic inflammatory disorders. 1 TNF elicits a particularly broad spectrum of organismal and cellular responses, including lymphocyte and leukocyte activation, and migration, fever, acute-phase response, cell proliferation, differentiation, and apoptosis. 2 In order to exert its many biological functions, TNF binds to two distinct cell surface receptors, TNF receptor superfamily 1A (TNFRSF1A) and TNF receptor superfamily 1B (TNFRSF1B) 3 that are present on virtually all cell types. 4 Binding of TNF trimers to these receptors leads to aggregation and trimerization of the receptor, 5 followed by the activation of a signaling cascade and modulation of gene expression, mainly via the transcription factor NF-kB. 6 TNF-stimulated genes are, in turn, responsible for the biological effects attributed to TNF. These genes include, for example, different cytokines and chemokines, cell adhesion molecules, acute phase proteins, and many other proteins participating in host defenses. 7 In addition, TNF also activates the expression of genes encoding transcription factors, for example, interferon regulatory factor-1 (IRF-1). 8 The role of IRF-1 in the regulation of TNF-induced genes remains unclear, but the fact that TNF and interferons (IFNs) can modulate the expression of a common set of genes might be related to TNF's ability to induce IRF-1. 9 In order to further clarify the molecular mode of action of TNF, as well as the involvement of IRF-1 in the regulation of TNF-induced genes, we decided to search for new TNF-stimulated genes comparing, by differential display, the mRNA content of TNF-treated and control, untreated, mouse embryonic fibroblasts (MEFs) derived from wild-type (WT) or IRF-1-deficient mice (IRF-1 À/À ). Here we describe the identification, cloning, structural, and initial functional characterization of a new TNF-responsive gene, which we named TNF-stimulated gene-5 (Tsg-5).
Results and discussion

Identification of a new TNF-regulated gene by DDRT-PCR
With the original goal of identifying IRF-1-dependent TNF-stimulated genes, we compared, by DDRT-PCR, the mRNA content of WT and IRF-1 À/À MEFs stimulated with TNF. In the course of these studies, we diverged from our original aim and concentrated instead on the characterization of a 253-bp cDNA fragment (GenBank accession number AF004564) that was more pronounced in lanes corresponding to TNF-treated, IRF-1 À/À MEFs than in TNF-treated WT cells. In view of the fact that IRF-1 is known as a positively acting transcription factor, 10 it appeared that the corresponding cDNA could be an interesting example of a gene whose expression is negatively regulated by IRF-1. In fact, we could find few reports in the literature that would describe IRF-1 as a negative regulator of gene expression. 11, 12 Moreover, this 253-bp fragment showed no homology with known mouse sequences deposited in public databases and thus could represent a new TNFresponsive gene.
To confirm the differential expression of the mRNA associated with this 253-bp cDNA fragment, we performed a series of Northern blot analyses using total RNA from either WT or IRF-1 À/À MEFs and the 253-bp fragment as a probe. These experiments revealed that this cDNA fragment hybridized with an mRNA of about 570 bases, expressed preferentially in immortalized IRF-1 À/À cells treated with TNF. No detectable levels of Tsg-5 mRNA could be observed in untreated IRF-1 À/À cells or in WT cells that were either treated with TNF or left untreated ( Figure 1, left panel) . In contrast, KC mRNA, known to be upregulated by TNF, 13 could be readily detected in both WT and IRF-1 À/À cells stimulated with TNF, suggesting that the differential expression of Tsg-5 was not because of a lack of responsiveness to TNF in WT cells. When we repeated the Northern blot analysis using total RNA from primary fibroblast cultures of the same genotypes, both WT and mutant cells expressed comparable levels of Tsg-5 mRNA in response to TNF (Figure 1, right panel) , suggesting that the observed differences in the original comparison between immortalized WT and IRF-1 À/À MEFs might be a consequence of the immortalization procedure rather than the absence of IRF-1. It is noteworthy that two other immortalized or transformed cell lines, NIH3T3 and L929, did not express Tsg-5 in response to TNF, but again, KC mRNA was augmented in response to TNF (data not shown).
Cloning of full-length Tsg-5 cDNA Since we found no homology between the 253-bp of the Tsg-5 cDNA fragment cloned by DDRT-PCR with other sequences deposited in public databases, we decided to further characterize Tsg-5 cDNA. We screened a mouse cDNA library prepared from mRNA isolated from TNF-treated, immortalized IRF-1 À/À MEFs, and identified and sequenced 10 independent cDNA clones that specifically hybridized with the original Tsg-5 cDNA fragment. Two major cDNA species could be characterized, one having three exons (Figure 2 , clones A and D) and one in which the second exon was alternatively spliced out ( Figure 2 , clones B and C). In a single clone, a cryptic donor splice site, located 12-bp upstream from the more frequently used donor splice site in exon 1, was identified (Figure 2 , clone C and Figure 3 ). Also, a single clone with a much larger first exon, extending towards its 5 0 end was identified ( Figure 2, clone D) . The identified exon 3 (270-bp) contains the entire 253-bp fragment originally identified by DDRT-PCR.
In order to confirm the expression of the two Tsg-5 splice variants, we designed a pair of primers that are complementary to sequences within exons 1 and 3 of the Tsg-5 gene (P1 and P2, Figure 2 , upper panel), and performed RT-PCR using total RNA from TNF-treated or control, untreated IRF-1 À/À MEFs ( Figure 2 , lower panel). Indeed, both mRNA species can be detected in TNFtreated cells after 30 cycles of amplification and, after 35 cycles, even the untreated cells have detectable levels of both forms of Tsg-5 mRNA. This event of alternative splicing was further confirmed by the sequencing of these two PCR products.
Sequence analysis of the 3-exon Tsg-5 mRNA revealed the presence of a strong Kozak consensus sequence 14 surrounding an AUG codon located within exon 2. This AUG codon would give rise to an open reading frame (ORF) encoding a polypeptide of 40 amino acids ( Figure 3, upper panel) . The predicted polypeptide does not contain a putative signal sequence. Despite this observation, there are examples of polypeptide molecules that, even without a signal peptide, are secreted into the extracellular space via alternative pathways such as translocation (of the plasma membrane or of intracellular membranes) or pinching off from the plasma membrane of vesicles enriched in a given leaderless secretory protein. 15 Further experiments are needed to determine whether the Tsg-5 polypeptide is secreted to the extracellular space.
The alternative spliced form of Tsg-5 mRNA, lacking exon 2, has also a potential AUG start codon located in exon 1. However, this codon is embedded in a less conserved Kozak consensus sequence and it would give rise to an ORF encoding for a 34 amino-acid long polypeptide that also lacks a signal peptide. The two isoforms would share identity in the 31 amino acids encoded by exon 3 (amino acids, underlined in Figure 3) . Neither of the two polypeptide isoforms share homology with protein sequences deposited in available public databases.
At the 3 0 UTR, Tsg-5 gene has a 174-bp long sequence within which we identified a polyadenylation signal sequence (AUUAAA) 147-bp downstream from the UGA terminal codon (Figure 3 , underlined in nucleotide sequence). All 10 cDNA clones sequenced showed no variation at the 3 0 -UTR, neither in length nor in the site of cleavage and addition of the Poly(A) tail. Characterization of Tsg-5 genomic structure and chromosomal localization In order to complete the characterization of the Tsg-5 gene, we next determined the size of introns 1 and 2, and for this we used long-range PCR with primers complementary to the boundaries of the three Tsg-5 exons. For intron 1, we amplified a DNA fragment of about 2.3-kb whereas, for intron 2, we amplified a DNA fragment of about 9-kb. These fragments were subcloned and their extremities were sequenced in order to confirm donor and acceptor splicing sites. Acceptor and donor sites found in the exon/intron boundaries of Tsg-5 have the consensus GT-AG found in the majority of introncontaining genes. 16 With the availability of the mouse genome sequence (Celera Discovery System, www.celera.com), we could confirm the exact size and sequence of the entire introns 1 and 2, as well as the sequences of the three exons. Hence, the entire Tsg-5 gene extends over a region of 11.2-kb of the mouse genome and is located on chromosome 14, cytogenetic band 14D2, between the RB1 and the serotonin receptor 2A (Htr2) genes. Tsg-5 gene is approximately 980-kb from RB1 gene and approximately 280-kb from Htr2 gene. This region is syntenic to human chromosome 13p14 17 but, nevertheless, we were unable to find a sequence homologue to the mouse Tsg-5 gene. Tsg-5 sequences can be accessed at http://www.ncbi.nlm.nih.gov and the accession numbers for Tsg-5 gene and mRNAs are AY139113, AY139114, and AY139115.
IRF-1 -
Mapping the Tsg-5 transcription start site Comparison of the cDNA sequences obtained from 10 independent clones revealed that the first exon in clone D (upper panel in Figure 2 ) is 234-bp long in contrast with clone A in which the first exon is only 96-bp long. The entire cDNA sequence of clone A is 425-bp long, being compatible to the Tsg-5 mRNA size estimated by Northern blot analyses (about 570 bases). In contrast, clone D cDNA is 563-nucleotide long and, considering that the average size of poly(A) tail is about 150-200 nucleotides, 18 this clone represents an mRNA that exceeds the detected size for the predominant mRNA. A possible explanation for the extended 5 0 end observed in exon 1 of clone D would be the usage of an alternative minimal promoter and transcriptional start site, upstream from the commonly used transcriptional start site that gave rise to the remaining nine clones. Taking this possibility into account, we hypothesized that the bona fide Tsg-5 promoter and its transcriptional start site could be located within the extended exon 1 sequence found in clone D. 
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Indeed, sequence analysis of the extended exon 1 of clone D revealed the presence of a potential core promoter with a TATA-Box element and one cis-element with the consensus binding site for the transcription factor NF-kB, 40-bp upstream to this putative TATA Box (Figure 4a ). Owing to the very low levels of Tsg-5 mRNA, we used a RT-PCR-based approach to investigate whether the main Tsg-5 transcription start would indeed be located downstream from the TATA-Box motif. Three forward primers were designed on the basis of the sequence of exon 1 from clone D, as depicted in Figure 4b (upper panel), and were used in conjunction with the P2 antisense primer, complementary to Tsg-5 exon 3. As template, we used total RNA derived from TNF-treated IRF-1
MEFs reverse transcribed with oligo(dT). Analysis of the RT-PCR products revealed the amplification of a prominent band when P1 and P2 primers were used. In contrast, a faint band could be observed with primers P3 and P4. Thus, we suggest that the main transcription start site is located downstream from the indicated TATA motif. 
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As shown in Figure 4a (underlined sequence), this repetitive element contains the entire Tsg-5 exon 1, the predicted core promoter, and the main Tsg-5 transcriptional start site plus one consensus NF-kB binding site. Additionally, within this repetitive element, we could identify three putative AP-1 binding sites, two of them located within a palindromic sequence. The immediate 5 0 upstream region from this repetitive element contains another three consensus NF-kB binding sites. Together, the NF-kB and AP-1 binding sites might be involved in the transcription activation of Tsg-5 in response to TNF.
It has been suggested that repetitive sequences could move within the genome as a way of providing regulatory sequences for gene expression and, indeed, a number of repetitive sequences are frequently inserted into promoter regions and can influence gene expression. 22 Hence, exon 1 and a portion of the Tsg-5 promoter is another example of a repetitive sequence that, during evolution, acquired a functional role within the mouse genome.
Tsg-5 is transcriptionally activated by TNF
Having characterized the structure of the Tsg-5 gene, we next determined the kinetics of Tsg-5 induction by TNF. Northern blot analyses using total RNA from immortalized IRF-1 À/À MEFs exposed to TNF for various periods Tsg-5: a new TNF-stimulated gene EF Abrantes et al of time revealed that Tsg-5 mRNA can be detected after 2 h of TNF treatment (Figure 5a ). We observed a slow accumulation of Tsg-5 mRNA and maximum induction occurred at 6 h post-treatment. Also, high levels of mRNA were maintained for at least 16 h after TNF treatment.
To determine whether Tsg-5 is transcriptionally activated in response to TNF and to see whether its delayed kinetics is because of a delayed transcription or accumulation of stable mRNA transcribed at very low levels, we measured, by RT-PCR, the levels of unprocessed Tsg-5 pre-mRNA, which can be considered as an indicator of ongoing gene transcription. 23, 24 Since intron sequences are rapidly spliced from the primary transcript, 25, 26 assessment of the relative steady state of primary transcripts provides a reliable estimate of the rate of active transcription. As can be observed in Figure  5b , RT-PCR analysis revealed that, 40 min after treatment with TNF, a discrete increase in the levels of Tsg-5 mature mRNA can be detected. Importantly, at this time point, we can detect maximum levels of the primary transcript, which is sustained for almost 16 h. Moreover, the fact that we can detect an increase in Tsg-5 pre-mRNA upon TNF treatment confirms that the Tsg-5 gene is transcriptionally activated by TNF. These data also indicate that the delayed kinetic observed by Northern blot analysis (Figure 5a ) reflects the slow accumulation of Tsg-5 mRNA that is transcribed, at low levels, throughout the period of TNF treatment.
This conclusion would imply that Tsg-5 mRNA is rather stable. In order to confirm that this is indeed the case, we determined the half-life of Tsg-5 mRNA in IRF-1 À/À MEFs stimulated with TNF for 7 h following blockage of transcription by actinomycin D (ActD). As shown in Figure 5c , in samples exposed to ActD, Tsg-5 pre-mRNA starts to decay 30 min after cessation of transcription and was not detectable after 60 min of treatment with ActD, confirming the efficacy of transcription blockage. In contrast, treatment with ActD had no influence in the levels of mature Tsg-5 mRNA, Tsg
even after 4 h of transcription blockage. Hence, we can conclude that, whereas Tsg-5 pre-mRNA is rapidly processed, mature Tsg-5 mRNA has a rather long half-life.
Tsg-5 induction by TNF is dependent of NF-jB activation
The Rel/NF-kB transcription factor family plays an important role in TNF-induced gene activation. 6 The presence of three kB sites in the 5 0 region of Tsg-5 gene suggests that NF-kB may be involved in Tsg-5 regulation by TNF.
In order to investigate the role of NF-kB in Tsg-5 gene expression, we determined the levels of Tsg-5 mRNA in cells treated with TNF in the presence of various inhibitors of NF-kB activation. We used two distinct classes of inhibitors that are known to interfere with different steps of NF-kB activation. Bay 11-7083 and Bay 11-7085 are structurally related compounds that act by inhibiting TNF-induced phosphorylation of IkBa, although their precise target(s) are yet unidentified. 27 The other two inhibitors, MG132 and lactacystin, prevent NF-kB activation by inhibiting proteasome activity and, consequently, blocking the degradation of ubiquitinated IkBa by the 26S proteasome.
As demonstrated in Figure 6a , pretreatment of immortalized IRF-1 À/À MEFs with Bay 11-7085 led to a significant inhibition of TNF-induced Tsg-5 gene expression in a dose-dependent manner. The same results were observed using Bay 11-7083 (data not shown). These results suggest that Tsg-5 induction by TNF is dependent on TNF-induced IkBa phsphorylation. In addition, treatment with MG132 and lactacystin also led to a complete inhibition of Tsg-5 gene induction by TNF, indicating that such induction is dependent on 26S proteasome activity (Figure 6b and c) . The same RNA preps described above were used for RT-PCRs using the primer P1+P2 for amplification of Tsg-5 mRNA and P7+P2 for amplification of Tsg-5 pre-mRNA. The primers P7+P2 were also used in RNA samples that were not reverse transcribed in order to exclude contamination by genomic DNA. As positive control, we used plasmid DNA from clones A and B (in the upper panel) or a plasmid DNA from a clone having intron 2 and exon 3 (two middle panels). (c) Immortalized IRF-1 À/À MEFs were left untreated or were treated with TNF (10 ng/ml) at the indicated period of time, in the presence or in the absence of actinomycine D (5 mg/ml). Actinomycine D was added to the culture medium 7 h after initial TNF treatment. For amplification of mature RNA, we used primers P1 and P2, whereas, for amplification of pre-mRNA we used primers P7 and P2. In order to control for RNA loading, HGPRT mRNA was also amplified by RT-PCR. PCR products fractionated through an agarose gel, blotted onto nylon membranes and hybridized with an [a- 29, 30 In order to determine the role of NF-kB in the prolonged induction of Tsg-5 gene, we treated IRF-1 À/À MEFs with TNF for 15 h and lactacystin for another 2 extra hours. As it can be observed in Figure 6d , Tsg-5 gene transcription was impaired in lactacystin-treated cells, but not in control cells treated with TNF alone. Together, data from Figure 6 indicate that, indeed, NF-kB activity is necessary for both the basal and TNF-induced Tsg-5 gene transcription.
In contrast to what was observed for TNF, Poppers et al 28 immortalized MEFs prompted us to investigate whether such difference was because of loss of the gene during immortalization or whether it would be owing to epigenetic modifications of Tsg-5 gene such as differential cytosine methylation in Tsg-5 promoter. As demonstrated in Figure 7a , the immortalized WT cell line does have a functional Tsg-5 gene that also responds to TNF, but with significant reduction in transcription as well as in the steady-state levels of Tsg-5 mRNA, confirming the original data from the DD-RTPCR. The observation that IkBa mRNA is modulated by TNF in a comparable manner in both cell types indicates that the observed differences are not because of altered TNF signaling. It is noteworthy that, 19 h after TNF treatment, the steady-state level of Tsg-5 and IkBa mRNAs are dramatically reduced in immortalized WT MEFs, whereas it remained augmented in IRF-1 À/À cells. In vertebrates, DNA methylation, either reversibly or irreversibly, regulates genome functions affecting gene transcription and chromatin structure. 31 Several lines of evidence suggest that a significant fraction of all CpG islands is prone to progressive methylation in certain abnormal cells such as cancers 32 and permanent cell lines. 33, 34 Therefore, we considered the possibility that the differences in Tsg-5 gene expression between immortalized WT and IRF-1 À/À MEFs could be a consequence of differential cytosine methylation status of Tsg-5 promoter. MEFs were pretreated with lactacystin at indicated concentration (mM) for 30 min prior to the addition of TNF (10 ng/ml), and mRNA was extracted 4 h after TNF treatment. (d) Delayed expression of TNF-induced Tsg-5 is also inhibited by lactacystin. Cells were treated with TNF (10 ng/ml) for 15 h and lactacystin (30 mM) was added for further 2 h. In all experiments, Tsg-5 mRNA was detected by RT-PCR (primers P1 and P2, Figure 2 ) followed by Southern blot and hybridization with Tsg-5-specific probe. In negative controls (Neg) template was omitted. HGPRT mRNA was amplified in order to control for RNA loading.
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In silico inspection of the Tsg-5 promoter region did not reveal the presence of CpG island, thus reducing the chance of methylation interference in Tsg-5 expression. However, several transcription factors, including AP-2, c-Myc/Myn, the AMP-dependent activator CREB, E2F, and NF-kB, recognize sequences that contain CpG residues, and binding to each has been shown to be inhibited by methylation. 35 In Tsg-5 promoter, at least one CpG dinucleotide is adjacent to a potential NF-kBbinding site.
To investigate the potential impact of DNA methylation in differential expression of Tsg-5 gene observed in immortalize WT or IRF-1 À/À MEFs, we used the cytosine analogue 5-Aza-2 0 -deoxycytidine (5-Aza-CdR), an inhibitor of DNA methyltransferase enzymes. DNA substituted with 5-Aza-CdR covalently binds DNA methyltransferase enzymes, leading to loss of activity and extensive DNA hypomethylation. 36 As shown in Figure 7b 
Induced expression of Tsg-5 gene was detected in lungs, spleen, and in the brain, but not in heart, liver, kidney, testis, and muscle. Importantly, only the threeexon form of Tsg-5 is detectable in these organs. Amplification of the HGRPT cDNA was used to monitor RNA quantity and quality in all samples. The lack of Tsg-5 gene expression in other organs cannot be attributed to an inefficient LPS induction, since Northern blot analysis of the same RNA samples revealed a clear induction of the KC gene in all organs surveyed. It is noteworthy that Tsg-5 gene expression could not be detected in several organs that were efficiently stimulated by LPS, even using an extremely sensitive methodology (Southern blot analysis of PCR products). This observation suggests that, in vivo, Tsg-5 gene expression is controlled by a very tight mechanism. Not only the expression of Tsg-5 gene appears to be tightly regulated, but the splicing event also seems to be under very restricted control. Whereas both species of mRNA were detected in a constitutive manner, LPS induced the exclusive accumulation of the 3-exon containing mRNA. Further investigation of the Tsg-5 promoter region as well as its splicing events would be necessary to clarify these mechanisms at the molecular level.
Several studies have demonstrated the constitutive expression of TNF, IL-1b, and their receptors in the thymus and ovary [37] [38] [39] [40] [41] [42] and we could speculate a role of these cytokines in maintaining the constitutive expression of Tsg-5 observed in these organs. Therefore, we used TNF- 43 and TNFRSF1A-deficient 44 mice to investigate their role in regulation of constitutive expression of Tsg-5 gene. TNF-deficient mice showed a significant reduction of Tsg-5 expression both in thymus and in ovary (Figure 9a ). For TNFRSF1A-deficient mice, Tsg-5 expression was severely impaired in the ovary whereas, in thymus, we only observed a discrete, but consistent, reduction of Tsg-5 mRNA (Figure 9b) . Therefore, we can speculate that in thymus, TNF-induced Tsg-5 expression could be mediated also by TNFRSF1B. In ovary, TNFRSF1A-mediated signaling appears to be critical for the constitutive expression of Tsg-5 gene. Interestingly, Tsg-5 expression in ovary of WT animals varies between different animals ( Figure 9b ) and such variation is not associated with a particular phase of the estrous cycle (data not shown).
In normal ovary, TNF and IL-1b were implicated in ovulation, a process that has been characterized as an inflammatory reaction. 45 TNF and IL-1b have also been implicated in ovarian follicular development and atresia, steroidogenesis, and corpus luteum function (including formation, development, and regression). 46 Moreover, some alterations related to ovarian functions have been described in TNFRSF1A knockout mice, 47 and impaired expression of TNF-regulated genes in these animals may contribute to development of the observed phenotypes. Thus, further characterization of the biological function of Tsg-5 gene might contribute to elucidate the role of TNF system in the physiology of the ovary.
To confirm that the Tsg-5-encoded mRNA is indeed translated and gives rise to a polypeptide, we used immunohistochemistry to detect Tsg-5 protein in thymus of untreated mice and in cultures of freshly isolated TNCs. Figure 10 (panel a, upper half) shows a specific staining in thymus, which is more prominent in septum and in the medulla, with very punctual cells stained within the cortex. Specific staining was also observed in freshly isolated thymic nurse cells (TNCs) (Figure 10 , panel a, lower half). This pattern of expression is compatible with the data presented in Figure 10 To control for the efficiency of LPS treatment, we determined, in the same RNA samples, the levels of KC mRNA using Northern blot analysis. RNA loading in Northern blot was controlled by subsequent hybridization of the membrane with a GAPDH cDNA probe.
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In conclusion, we have identified and characterized the structure of a new, not yet annotated, mouse gene, which is expressed in vivo in a very restricted and tissuespecific manner. Tsg-5 gene is expressed both constitutively as well as in response to inflammatory stimuli and, in both instances, its expression is tightly regulated both at the level of transcription and splicing. These characteristics would suggest that Tsg-5 protein has a rather restricted biological activity and further experiments could help us in deciphering its role in thymus and ovary development as well as in the inflammatory response. It is also noteworthy that, even after having the complete mouse genome sequenced, experiments in wet labs will be the only way to identify genes that are expressed at low levels or under specific conditions.
Material and methods
Cell culture and cytokine treatment Primary MEFs were prepared from E14 embryos obtained by mating a pair of 129/Sv mice, deficient for the IRF-1 gene. 9 Spontaneously immortalized MEFs prepared from WT or IRF-1 À/À embryos were kindly provided by Drs Charles Weissmann and Yi-Li Yang, formerly at the University of Zurich. Cells were grown in Dullbecco's modified Eagle medium (DMEM) supplemented with antibiotics and 10% fetal bovine serum (FCS). Cells were treated with recombinant mouse TNF (R&D, Minneapolis, USA) or IL-1b (R&D, Minneapolis, USA) as described in the figure legends. For inhibition of transcription, cells were treated with actinomycin D (5 mg/ml, Sigma). The NF-kB inhibitors lactacystin, MG-132, Bay 11-7082 and Bay 11-7085 (Calbiochem), and the DNA methyltransferase inhibitor 5-Aza-2 0 -deoxycytidine (Sigma) were used at concentrations indicated in the figure legends. TNCs and cultures of nonepithelial phagocytic cells of the thymic reticulum (PTR) were obtained as described before. [48] [49] [50] 
LPS treatment
For in vivo induction of Tsg-5 gene, 5-week-old mice (129/Sv) were injected intraperitoneally with LPS (E. coli 0111: B4, Sigma, 30 mg/animal) in a final volume of 0.2 ml of sterile saline. Control mice received only the vehicle. Mice were killed 8 h after treatment, and indicated organs were frozen immediately in liquid nitrogen.
RNA extraction
Total RNA from cells or frozen organs was isolated using TRIzol reagent (Invitrogen Life Technologies) according to the manufacturer's recommendations. ). Each lane corresponds to one mouse. In all experiments, the levels of Tsg-5 mRNA were measured by RT-PCR (primers P1 and P2, as in Figure 2 ) followed by Southern blot and hybridization with Tsg-5-specific probe. In negative controls (Neg) template was omitted. HGPRT mRNA was amplified in order to control for RNA loading Tsg-5: a new TNF-stimulated gene EF Abrantes et al
DDRT-PCR
Differential display was performed following the protocol of Liang and Pardee 51 with some modifications. 52, 53 Briefly, total RNA was treated with DNaseI and 200 ng of total RNA were mixed with one of the four anchored oligoT 11 VN primers at 2.5 mM final concentration. Total RNA and anchored oligo(dT) were heated to 701C for 10 min followed by an ice-incubation for 2 min. Reverse transcription was carried out using SUPERSCRIPT II (Invitrogen Life Technologies) according to the manufacturer's recommendations. One-tenth (2.0 ml) of cDNA first strand reaction was used as template for PCR amplification in the presence of T 11 VN plus a 10-bp primer, 20 mM of each dNTP, 2. 55 Sequence analysis of Tsg-5 gene and cDNAs clones were done in an ABI Prism TM . Introns were originally identified and sequenced by long-range PCR, using eLONGase Amplification System (Invitrogen Life Technologies) and primers complementary to the extremity of Tsg-5 exons. The following primer pairs were used: P1 (5 0 -tgagttccagtcctgacttccttg-3 0 , specific for exon 1) and P5 (5 0 -ctcacggtttgaggtacagtcca-3 0 , specific for exon 2) for intron 1, and P6 (5 0 -ccactctcagagcacacctcctca-3 0 , specific for exon 2) and P2 (5 0 -agattccctggtccttcgtt-3 0 , specific for exon 3) for intron 2. After availability of the mouse genome sequence (Celera Discovery System, www.celera.com), the entire Tsg-5 gene sequence including intron/exon boundaries and the 5 0 UTR was confirmed in silico. Analysis of steady-state levels of mRNA and pre-mRNA For Northern blot analysis, 20 mg of total RNA was fractionated through a 1% denaturing agarose gel and transferred by capillarity onto Hybond N filters (Amersham Pharmacia Biotech). Prehybridization, hybridization, and washes were performed as described by Church and Gilbert. 56 The Tsg-5 cDNA probe corresponds to the third exon plus 20-bp of the second intron. The IkBa cDNA probe (positions 177-625, accession number gb/U36277) was cloned by RT-PCR in our lab using the following primer pairs: 5 0 -aaggacgaggagtacgagca-3 0 (sense) and 5 0 -agacacgtgtggccattgta-3 0 (antisense). The KC chemokine probe corresponds to the full-length KC cDNA (accession number J04596) subcloned into pUC18 vector. The mouse GAPDH cDNA (positions 952-1226, accession number gb/M32599) was cloned by RT-PCR in our lab and used as control for ensuring equal RNA loading. Probes were labeled by random priming, using Redivue [a-
32 P]dCTP (3000 Ci/ mmol). Nylon filters were exposed to Kodak Hyperfilm (Amersham Pharmacia Biotech) at À701C, with intensifying screen.
For RT-PCR, 1 mg of total RNA was reverse transcribed with SUPERSCRIPT II and oligo(dT) (Invitrogen Life Technologies) following the protocol supplied with the reagents. One-tenth of the first-strand reaction was used as template for PCR. For Tsg-5 mRNA analysis, the following primer pairs were used: P1 exon-specific primer (5 0 -tgagttccagtcctgacttccttg-3, sense) and P2 exon 3-specific primer (5 0 -agattccctggtccttcgtt-3 0 , antisense). Two additional oligonucleotide primers specific for exon 1 were used to map the main transcriptional start site, P4 (5 0 -tggtgccatctctggactggta-3 0 , sense), and P3 (5 0 -ggttctataagagagcaggctga-3 0 , sense). The underlined nucleotides in P3 primer correspond to the putative TATA-Box element in the 5 0 flanking region in Tsg-5 gene. The P7 intron 2-specific primer (5 0 -atctaaatatgtattttacctgcag-3 0 ) was designed for Tsg-5 pre-mRNA amplification. This oligonucleotide is specific for the 3 0 end of Tsg-5 intron 2, adjacent to intron 2 and exon 3 boundaries. The underlined 'ag' dinucleotide in primer P7 corresponds to the acceptor splice site of Tsg-5 intron 2. When indicated, hypoxanthine-guanine phosphoribosyltransferase (HGPRT) cDNA was also amplified from the same samples in order to ensure equal amounts of RNA (5 0 -atcagtcaacgggggacata-3 0 , sense; 5 0 -ttgcgctcatcttaggcttt-3 0 , antisense). For the analyses of Tsg-5 pre-mRNA, 50 mg of total RNA was treated with 10 units of RQ1 RNase-free DNase I (Promega) in order to remove contaminating genomic DNA. PCR products were fractionated through a 1.2% agarose gel and stained by ethidum bromide or blotted onto nylon membrane for Southern blot analysis as indicated.
Generation of anti-Tsg-5 antibodies Rabbit polyclonal antibodies were raised by Bethyl Laboratories (Montgomery, USA), by immunization with a cocktail of two polypeptides, one corresponding to positions 4-17 (CTSNREITIALNQS) and a second corresponding to positions 23-40 (LQQMETIHENY-SLAKCRE) of the predicted polypeptide encodes by Tsg-5 gene. The peptides were separately conjugated to KLH as a carrier, using maleimide chemistry, linking sulfhydryl of peptide to the carrier and injected as immunogen.
Immunohistochemistry
Cryostatic sections from thymus of 3 to 4-week-old mice were fixed with acetone and used for immunohistochemistry as described elsewhere. 57 In order to avoid nonspecific staining, specimens were first incubated with 10 mg/ml normal mouse Ig diluted in 1% BSA/PBS for 30 min. Specific staining with appropriate dilutions (1 : 100) of the anti-Tsg-5 antibodies was carried out for 1 h. Specimens were then washed three times in PBS and subjected to the respective peroxidase-conjugated second antibody (Amersham, Buckinghamshire, UK) for 1 h. For negative controls, we substitute specific antibodies by preimmune sera, applied at the same concentration.
